ABSTRACT The influence of the bacterial contamination of cotton dust on the development of pulmonary symptoms has been investigated. The pulmonary function of card room workers in 23 US cotton mills was tested before and after the Monday working shift. A significant relation was found between the AFEV1.O decrement and the vertical elutriator dust level in the different mills. An improved correlation was obtained when the number of Gram-negative bacteria cultured from the bale cotton used in the different mills was employed in the exposure description. The results support earlier epidemiological and experimental studies, which demonstrate the importance of the Gramnegative bacteria in the development of pulmonary symptoms among workers in cotton mills.
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Several research workers have investigated the importance of the bacterial contamination of cotton dust in the development of pulmonary symptoms. Schneiter et al. (1942) cultured bacteria from samples of different cotton products in various mills and reported that the samples contained Gram-negative bacteria. An endotoxin-like substance was demonstrated in filtrates from saline extracts of stained cotton. Pernis et al. (1961) and Cavagna et al. (1969) suggested bacterial endotoxins as the causative agent in occupational disease arising from the inhalation of vegetable dusts, particularly dust from cotton.
A close correlation between the number of Gramnegative bacteria in the air and the prevalence of byssinotic symptoms has been demonstrated in a questionnaire study of card room workers (Cinkotai etal., 1977) .
The present study was undertaken to investigate whether the bacterial contamination of bale cotton in different cotton mills could serve as an indicator of the extent of pulmonary reactions among people working in the card rooms. The number of bacteria was determined by culturing samples of the bale cotton used in the different mills. The prevalence of pulmonary reaction was evaluated by determining the one-second forced expiratory volume (FEV,.o FEV1.o (ml/s) . Standardisation of spirometers was accomplished with a 1000 ml syringe using a three-way valve to inject 1000 ml increments of air into the spirometer. The workers were tested before reporting to work at the beginning of the shift on the first day of the week and retested approximately 6 h after the beginning of the shift. At In the analysis of the data the relationship between the AFEVi.o value and the level of exposure to airborne dust and bacteria in the bale cotton was calculated.
Because the data on the bacterial contamination of the bale cotton were not a direct measure of the exposure dose, three models to describe the relationship between bale cotton bacteria and airborne bacteria were tested. In these models the number of bacteria in the cotton, the dust level and the blending ratio were combined to make up the independent variables.
Weighted and unweighted regression analyses were performed for each of the three models proposed. Several algebraic transformations and linear and quadratic functions were applied to the bacterial count to obtain the model which best fitted the existing data. The influence of the number of workers in each plant on the relationship was tested using weighted regressions. The details of the models used are reported in Appendix I.
Results
The workers from the different plants participating in the study numbered 2712 in 1976 The technique applied in the present study to determine the decrease in the ventilatory function of card room workers is a standard method which has been used by several other authors (Imbus and Suh, 1973; Merchant et al., 1975) . It can be argued that the sophistication of the measurement, performed by the occupational health nurses, is less than that of similar measurements carried out in pulmonary laboratories. On the other hand, the conditions in the present study represent the conditions in continuous routine checking programmes on cotton dust effects. The methods used to determine airborne dust and the number of bacteria in the different cottons are also routine procedures.
The reason for the low prevalence of classical byssinosis was not analysed in detail. Possible explanations are the fact that workers with symptoms were often transferred to less exposed working positions, that workers who were previously less exposed were selected for work in dusty areas, and the rather high turnover of workers.
The scatter of data points around the regression The relationship between the number of Gramnegative bacteria and the appearance of pulmonary effects is consistent with findings reported earlier by Cinkotai et al. (1977) . The number of Gramnegative bacteria was determined in this study by direct sampling from the air in the mills, using an Andersen sampler. A close relationship was found between the prevalence of byssinosis in different mills and the number of airborne viable Gramnegative bacteria.
The similarity between the principal results obtained here and epidemiological studies currently being performed in different countries using different experimental methods further supports the hypothesis concerning a relationship between exposure to Gram-negative bacteria and the development of chronic respiratory disease.
The bacterial contamination of cotton has been studied by Rylander and Lundholm (1977) . They found that cotton contained a large proportion of Gram-negative bacteria mainly of the genera Enterobacter, Klebsiella, Acinetobacter and Agrobacterium. Experiments on animals have demonstrated that a large increase in the number of polymorphonuclear leucocytes (PMN) takes place in the airways of animals exposed to Enterobacter and Klebsiella. No reaction could be detected after the exposure to bacilli and fungi cultured from cotton samples.
Acute exposure to water extracts of bale cotton, bract or a bract aerosol will cause an increase in the number of PMN in the airways of animals a few hours after exposure (Rylander and Nordstrand, 1974) . During a three-week exposure the number of PMN remained high but then fell within a few days of cessation of exposure (Rylander et al., 1975) . The leucocyte reaction is not species-specific but occurs in several different animal species (Walker et al., 1975) and in man (Merchant et al., 1975) .
The appearance of symptoms in humans after exposure to airborne Gram-negative bacteria may be related to the endotoxin content of the bacteria. The inhalation of endotoxins will activate several physiological and pathological reactions in the body (Kadis et al., 1971) . Acute exposure causes acute symptoms, such as fever, chills and malaise. Endotoxins activate complement through the properdin pathway. In this process, anaphylatoxins and chemotoxins are liberated, together with leucotactic factors which cause an influx of PMN into the exposed tissue (Mergenhagen et al., 1973) . Histamines are also liberated and may cause constriction of the airways.
Prolonged exposure to endotoxins will result in the development of tolerance (Wolff, 1973) , which explains the disappearance of mill fever among workers in cotton mills.
In conclusion, the data reported in this investigation demonstrate a correlation between the Gramnegative bacterial contamination of cotton dust and the developinent of airway constriction. Although a model for the reaction pattern can be suggested against the background of data from available literature, further studies are needed before the pathogenesis of byssinosis can be ascertained. 
